Fossil plants preserved in growth position provide important insights into the architecture and ecology of ancient plants. Here I describe an upright tree of Macroneuropteris scheuchzeri rooted above the Point Aconi Coal in the Middle Pennsylvanian Sydney Mines Formation of Nova Scotia -the first example of an autochthonous pteridosperm described in the literature. The fossil tree has a sharply tapering trunk surrounded in its lower part by a large number of downward-recurved senescent petioles, which form a skirt. Petioles borne in an upright or horizontal position, interpreted as fronds that were still photosynthetically active when buried, are confined to the uppermost preserved part of the tree. Adapted to growth in rapidly aggrading coastal wetlands, the skirt of Macroneuropteris scheuchzeri probably acted to prop up the trunk while additionally trapping large mounds of mud around the base of the tree and stabilizing coastal wetlands. The tree had a sprawling habit and a maximum height of about 2 m. Similar, but smaller, trees found in adjacent beds probably represent juvenile specimens of the same species.
INtrodUCtIoN
Pteridosperms, or seed-ferns, were one of the most diverse and widespread elements of Late Paleozoic tropical rainforests (DiMichele et al. 2006) . Although over a hundred years have passed since the first discovery of the group (Falcon-Lang 2008) , remarkably few species are known as whole plants. Early attempts to reconstruct tree habit were mostly based on fragmentary material (Stewart and Delevoryas 1956 ) and subsequently widely reproduced in paleobotany textbooks. Trees were mostly reconstructed as shrubs 1-8 m high, with mono-axial trunks and leaves held in a horizontal or upright position .
One of the dangers of such textbook reconstructions is that they ultimately become stereotypes that obscure the fact that each species had its own unique architecture. In an important paper, Wnuk and Pfefferkorn (1984) described parautochthonous assemblages of medullosan pteridosperms from Pennsylvania, USA. They proposed a number of wholeplant reconstructions that, being based on large trunk and petiole specimens, represented more secure interpretations than those previously proposed from fragmentary remains.
Further, Wnuk and Pfefferkorn (1984) demonstrated, to a limited degree, the diversity of tree habits present within the group. Even so, their material was horizontal to bedding, representing the remains of fallen trees rather than upright plants. Consequently, little data could be obtained about the habit of the tree in life.
The purpose of this paper is to describe the architecture and habit of the medullosan pteridosperm Macroneuropteris scheuchzeri based on a specimen preserved upright in growth position, the first described example of its kind. Plant remains belonging to this morphospecies have an important place in the history of paleobotany. They were amongst the first fossil plants to be formally described using a pre-Linnean binomial system, appearing in Lhwyd (1699) under the name Phyllites mineralis and illustrated in the Herbarium Diluvianum (Scheuchzer 1709 (Scheuchzer , 1723 . At a later date, Hoffman (in Keferstein 1826) transferred these fossils to Neuropteris scheuchzeri before Cleal et al. (1990) placed them in the new morphogenus Macroneuropteris.
The frond architecture of Macroneuropteris macrophylla (Cleal et al. 1996 (Cleal et al. , 1998 is generally better known than for Macroneuropteris scheuchzeri (Zodrow 2003) but recent observations have improved this situation (Laveine and Behlis 2007) . Like Macroneuropteris macrophylla, Macroneuropteris scheuchzeri comprises a petiole more than one metre in length, which dichotomises near the base to produce two large bipinnate segments (Fig. 1; Beeler 1983; Cleal et al. 1996; Zodrow 2003; Laveine and Behlis 2007) . However, the most striking characteristic of this morphospecies is its exceptionally large pinnules (> 2 cm long, locally ≤ 12 cm long), which show thick cuticle, sunken stomata and dense arrays of adaxial trichomes (Schabilion and Reihman 1985; Zodrow 2003) . Comparatively poorly known is the mode of attachment of these large petioles to the trunk, as well as the overall habit of the tree. The upright fossil tree of Macroneuropteris scheuchzeri buried in growth position and described herein helps fill this gap in our knowledge.
GeoloGICAl SettING
The fossil tree was found in sea cliffs at Point Aconi, near Sydney Mines, Cape Breton, Nova Scotia, Canada (46°30'N; 60°17'W; Fig. 1 ). Rocks at this site are part of the Pennsylvanian Sydney Mines Formation, which is divided in 14 depositional sequences or cyclothems (Gibling et al. 2004 ). Palynological and megafloral assemblages indicate that this formation is of Asturian-Cantabrian age, with the substage boundary occurring within Cyclothem 12, about 25 m above the Hub Coal Seam (Zodrow and Cleal 1985; Zodrow 1989a, b; Dolby 1988; Cleal et al. 2003 ). The fossil tree described in this paper occurs 1.6 m above the Point Aconi Coal Seam in Cyclothem 14 and therefore lies some 120 m above the Asturian-Cantabrian boundary (Fig. 2 ). These strata are probably time-equivalent with the uppermost Middle Pennsylvanian strata in the USA (Wagner and Lyons 1997) .
The sedimentary succession of the middle portion of Cyclothem 14 is illustrated in Figure 3 (after Falcon-Lang 2006). The 5 m thick succession below the Point Aconi Coal represents the deposits of a retrograding coastal plain subject to brackish water influence, whereas the 1.1-m-thick coal was formed in a long-lived coastal mire forest (Gibling and Wightman 1994) . Of special interest here is the 3.1-m-thick succession that overlies the Point Aconi Coal and contains upright fossil trees (Fig. 3) . These strata comprise beds of medium-to dark-grey laminated shale bearing roots, with intermittent 1 cm thick layers of coaly shale. These beds are the deposits of shallow/emergent coastal wetlands that developed after coal formation (Falcon-Lang 2006) . There is no evidence Copyright © Atlantic Geology, 2009 Falcon-Lang -A Macroneuropteris scheuchzeri tree preserved in growth position … that these were anything other than freshwater wetlands, although brackish water influence cannot be entirely ruled out (Gibling and Wightman 1994) .
FoSSIl ASSeMblAGeS
Plant fossils are highly abundant in the 3.1-m-thick succession above the Point Aconi Coal and six plant beds are recognized (Fig. 3) . The lower three beds (A-C) are dark-grey shale with thin coaly shale, totalling 0.53 m in thickness. They exhibit 100% surface cover by plant adpressions. More than 95% of this plant material comprises remains of medullosan pteridosperms, including trunks ≤ 95 mm in diameter that show resin rodlets and downward-recurved petioles, large bifurcating petioles ≤ 56 mm in diameter, and pinnae of Macroneuropteris scheuchzeri with cyclopterid pinnules, and Neuropteris ovata. Non-medullosans are rare and comprise Calamites sp., Annularia sp., Asterophyllites equisetiformis, Paleostachya sp., Sphenophyllum oblongifolium, and Pecopteris sp.
Plant bed D is a 0.74 m thick, medium-grey laminated mudstone that shows 40-50% surface cover by plant adpressions in its lower part. This unit comprises the world-famous Point Aconi Plant Bed, which has been given provisional conservation status through the global GEOSITES initiative (Cleal and Thomas 1997; Wimbledon et al. 1999) . It is beyond the scope of this paper to give a full inventory of morphospecies for this exceptionally diverse and well-preserved assemblage, but remains are dominated by medullosan pteridosperms and include pinnae of Macroneuropteris scheuchzeri with cyclopterid pinnules, Neuropteris ovata, and trunks with downwardrecurved petioles. The only other common morphospecies is Asterophyllites equisetiformis. Of the many other plants that occur rarely, representatives of the lycopsids, sphenopsids, ferns, pteridosperms, and cordaitaleans are present.
Plant beds E and F are 0.44 m and 1.12 m thick respectively, and contain abundant plant fossils, especially near their base, where 40-50% of the bedding surfaces are covered by adpressions. As with all the other plant beds in this succession, medullosan pteridosperm remains are dominant and comprise Macroneuropteris scheuchzeri with cyclopterid pinnules, Neuropteris ovata, and trunks with downward-recurved petioles. Other rare plants include Calamites sp., Asterophyllites equisetiformis, Paleostachya sp., Sphenophyllum oblongifolium, and Pecopteris sp.
treeS IN GroWtH PoSItIoN
Fossil trees are rooted on top of plant beds A, B, C, D, and E, and in the upper part of F, indicating a sporadically vegetated wetland landscape (Fig. 3) . A few of these trees comprise lycopsids, calamiteans, and tree ferns, all types previously documented at many other sites (Gastaldo 1992; Calder et al. 1996 Calder et al. , 2006 DiMichele et al. 1996; Falcon-Lang 2006) . However, the most common variety of upright tree in these beds is a type never before described in the literature. Their architecture and association with plant beds dominated by Macroneuropteris scheuchzeri strongly imply that they are upright tree trunks of this species. The largest and most completely preserved of these trees (described in detail below and in Figure 4) is rooted in the paleosol (inceptisol) that overlies Plant Bed D and buried to a height of 1.31 m in Plant Beds E and F. This tree was observed annually over a four-year period (2004) (2005) (2006) (2007) as it slowly eroded out of the sea-cliffs.
The tree comprises a stout monoaxial trunk bearing numerous petioles (Fig. 4) . The trunk sharply tapers from 446 mm diameter at the base to 91 mm diameter, 1 m above the paleosol in which it is rooted, and is tilted at ~76°. Where locally pyritized, trunk wood shows resin rodlets. Abundant, closely spaced and downward-recurved petioles are helically borne on the lower part of the trunk. These petioles have a basal diameter of 33-49 mm, show a single dichotomy, and have a preserved length of 0.6-1.9 m. They are interpreted as senescent petioles that formed a prominent skirt around the base of the tree and may have played a role propping up the trunk. Pinnae of Macroneuropteris scheuchzeri occur in the mudstone adjacent to these drooping petioles. However, although orientated in the same plane, attachment of foliage to a petiole could not be demonstrated. The uppermost preserved part of the trunk is 74 mm diameter and bears petioles that are in an upright or horizontal orientation. These erect but incompletely preserved structures are interpreted as petioles that were alive at the time of burial and bore large leaf fronds. Beneath the tree trunk, the paleosol comprises a rooted mound, ≤ 0.35 m high, while around the lower part of the tree, mudstone entombs the downward-recurved petioles forming a sedimentary mound. This latter feature is interpreted as a sedimentary accumulation formed by the baffling effects of the skirt.
The occurrence of downward-recurved petioles and resin rodlets in the wood strongly suggests that this tree was a medullosan pteridosperm (Zodrow 2002 (Zodrow , 2003 Laveine and Behlis, 2007) . Furthermore the intimate facies association of this tree with foliage of Macroneuropteris scheuchzeri in the same plane as the petioles suggest an identity with this morphospecies. This is further supported by the fact that Macroneuropteris scheuchzeri is the dominant plant in this bed. Similar, but much smaller trees with preserved heights of ≤ 27 cm and downwardrecurved branches also occur on top of plant bed A, B, C, and E. Associated with dense accumulations of Macroneuropteris scheuchzeri, these latter trees are interpreted as juvenile specimens of this same plant. Sedimentary mounds developed around the skirt of these trees clearly show that they grew in a rapidly aggrading setting and acted to locally trap sediment. 
ACkNoWledGeMeNtS

